GERp95 (Golgi-endoplasmic reticulum protein 95 kDa) is part of a large family of highly conserved proteins found in all metazoans and the fission yeast Schizosaccharomyces pombe. Genetic studies suggest that homologs of GERp95 are components of signaling pathways that regulate cellular differentiation, development, and RNA interference. However, the precise molecular functions of these proteins remain unknown. Genetic analysis of GERp95 homologs has been complicated by the presence of multiple genes with overlapping functions in most organisms. Binding partners for members of this protein family have not been identified. The purpose of this study was to identify proteins that associate with GERp95. Glutathione S-transferaseGERp95 fusions were expressed in transfected cells, and proteins that bound to GERp95 were co-purified using glutathione-agarose beads. The amino-terminal region of GERp95 was found to interact with the specialized chaperone Hsp90 and a number of its cognate binding proteins. Inhibition of Hsp90 activity with geldanamycin or radicicol resulted in rapid degradation of newly synthesized GERp95. The membrane-associated pool of GERp95 was not bound to Hsp90, although activity of this chaperone was required for stable association of GERp95 with the Golgi in normal rat kidney cells. These results indicate that GERp95 engages an Hsp90 chaperone complex prior to association with intracellular membranes.
members are defined by the presence of two domains: a centrally located PAZ domain, which is ϳ100 amino acids, and a ϳ300-amino acid Piwi domain located in the carboxyl-terminal regions. Sequence conservation among PAZ proteins is greatest in the carboxyl-terminal regions. Conversely the amino-terminal regions of PAZ proteins are highly variable and may confer functional specificity. Whereas PAZ domains are confined to eukaryotes, Piwi domains are present in some species of bacteria (10) . The functions of these domains are not known.
Recent data indicate that expression of PAZ proteins is comparatively high in undifferentiated cell types and is consistent with their known roles in regulating stem cell differentiation. For example, microarray analysis of gene expression in Caenorhabditis elegans revealed that at least eight PAZ mRNAs are enriched (some up to 29-fold) in germline compared with adult tissues (11) . In addition, the level of mRNA encoding a novel human PAZ protein, HIWI, decreases as CD34 ϩ hematopoietic stems cells become more differentiated (12) . PAZ proteins apparently function in a number of different signaling pathways and may exert their effects by binding to the 3Ј-regions of RNA either directly or indirectly. A case in point is the PAZ member sting/aubergine, whose gene product enhances the translation of specific maternal RNAs in the Drosophila ovary (13) . The Drosophila ortholog of GERp95, dAGO1, binds to poly(A) sequences and is a positive regulator of the WINGLESS signaling pathway (9) . In contrast, rde-1, a PAZ gene in C. elegans, has a role in down-regulation of gene expression through RNA interference (14) . Work from our laboratory indicated that the putative C. elegans ortholog alg-2 (70% identity) of GERp95 is required for gametogenesis and larval development (3) . Subsequently Grishok and co-workers (8) extended this work and showed that a second GERp95 homolog alg-1 has overlapping functions with alg-2 that are required for fertility and development (8) . This group also demonstrated that alg-1 and alg-2 are not required for RNA interference. Two other PAZ genes, prg-1 and prg-2, are also required for maintaining the mitotic ability of germline stems cells in C. elegans (4) . PIWI is a Drosophila protein required for renewal of germline stem cells (4, 5) . Recent genetic studies have placed PIWI in a Yb-controlled signaling pathway (7) . The pathway is thought to function in parallel to the HEDGEHOG pathway, which regulates division of somatic stem cells. The fact that overexpression of HEDGEHOG can compensate for the loss of PIWI function indicates that the signaling pathways responsible for regulating division of germline and somatic stem cells are linked. Finally, mutations in each of the two Arabidopsis thaliana PAZ genes Argonaute and Zwille result in multiple defects in plant morphology (1, 2) . Thus, in addition to their role in modulating the differentiation of germline stem cells, PAZ proteins have important roles in development of multicellular organisms.
The number of PAZ genes in a given organism varies widely. In the fission yeast S. pombe, a single PAZ gene is present. In contrast, the C. elegans genome encodes at least 23 PAZ proteins, whereas A. thaliana encodes eight such proteins. The number of human PAZ genes has not been determined, but it appears that there are fewer than 10. Genetic studies of PAZ proteins in multicellular organisms have been complicated by the presence of multiple homologs with overlapping functions in each organism. Therefore, the use of biochemical approaches to study PAZ proteins is an important strategy to uncover the cellular pathways in which they are involved. To this end, we have initiated searches for interacting proteins using affinity purification and yeast two-hybrid screening and have identified a number of proteins that bind to GERp95. Here we show that Hsp90 binds to the amino terminus of GERp95. Hsp90 is an abundant chaperone protein but does not participate as a general folding factor as does Hsp70. Rather it has a very limited number of substrate types most of which are signaling proteins that include protein kinases, steroid hormone receptors, nitric-oxide synthases, and telomerase (15, 16) . Thus, GERp95 and related proteins may comprise a new class of Hsp90 substrates that are involved in novel signaling pathways. ) . NRK52E, RK13, and COS were cells from the American Type Culture Collection (Manassas, VA). Mouse monoclonal antibodies to p23 (clone JJ3), Cdc37 (clone C1), and Hsp90 (clone 3G3) were from Affinity Bioreagents (Golden, CO). Rabbit antibodies to Cdc37, rat monoclonal antibody to Hsc70, and mouse monoclonal antibodies to FKBP52, FKBP54, Hop (p60), Hsp90, and Hsp70 were from Stressgen (Victoria, British Columbia, Canada). Rabbit antibodies to ␣-mannosidase II (Man II) were a gift from Drs. Marilyn Farquhar (University of California, San Diego, CA) and Kelley Moremen (University of Georgia, Athens, GA). A pan-specific polyclonal antibody to GERp95 was produced by immunizing rabbits with a bacterially expressed fusion protein consisting of GST fused to the carboxyl-terminal 309 amino acids of the protein.
MATERIALS AND METHODS

Reagents-Reagents
Metabolic Labeling and Radioimmunoprecipitation-Confluent dishes of cells were washed once with PBS and incubated in minimum essential medium minus cysteine and methionine containing 5% dialyzed fetal bovine serum for 15 min at 37°C. Cells were labeled for various time periods with 150 -500 Ci of Promix [
35 S]methionine/ cysteine/ml in the same medium. Where indicated, cells were treated with geldanamycin (3 M) before and during the labeling period as well as the chase period. Radiolabeled cells were washed three times with ice-cold PBS and lysed on ice in 1% Nonidet P-40, 150 mM NaCl, 2 mM EDTA, 50 mM Tris-HCl, pH 8.0 containing protease inhibitors. Lysates were centrifuged at 14,000 ϫ g for five min at 4°C before immunoprecipitation with various antibodies and protein A-or G-Sepharose. For co-immunoprecipitation experiments, immune complexes were washed three times with cold PBS containing 1% Triton X-100 and once with water. When using rabbit anti-GERp95 in pulse-chase experiments, samples were washed three times with RIPA buffer (1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% SDS, 150 mM NaCl, 50 mM Tris-HCl, pH 8.0) and once with water. Samples were heated at 95°C in SDS gel sample buffer for five min before loading onto gels.
SDS-PAGE, Immunoblotting, and Autoradiography-The GST pulldown and subcellular fractions were separated by SDS-PAGE, transferred to polyvinylidene difluoride membranes, and subjected to immunoblotting as described previously (3) . In some cases, membranes were cut into strips and probed with antibodies to Hsp90 and associated proteins. Radioimmunoprecipitates were analyzed by SDS-PAGE and autoradiography as described previously (3) .
Immunofluorescence Microscopy-Cells were grown on 12-mm glass coverslips, fixed and permeabilized with methanol at Ϫ20°C, and processed for indirect immunofluorescence as described previously (3). Where indicated, cells were treated with the Hsp90 inhibitors geldanamycin (5-10 M) or radicicol (10 M) before fixation. Geldanamycin and radicicol stocks were prepared in Me 2 SO and methanol, respectively, and stored at Ϫ20°C prior to use. Cells were examined using a Zeiss 510 confocal microscope.
Transcription/Translation-35 S-Labeled GERp95 and GFP were synthesized in vitro using a SP6/T3 polymerase/rabbit reticulocytecoupled kit according to the manufacturer's protocol. Samples were diluted 100-fold in PBS containing 1% Triton X-100 followed by radioimmunoprecipitation with antibodies to GERp95, GFP, or chaperones as described above.
Plasmid Construction-The entire open reading frame and selected coding regions of rat GERp95 were amplified using Pwo polymerase. Forward and reverse primers contained BamHI and NotI (underlined) sites, respectively. The following primers were used: GERp-FL-forward, 5Ј-GTGTGGATCCATGTTACCCATGTACTCGG-3Ј; GERp-FL-reverse, 5Ј-GCTAGCGGCCGCAACATGTCAAGCAAAGTACA-3Ј; GERp-NT-reverse, 5Ј-GCATGCGGCCGCATGAACCAGCTTGTGCCTGTCC-3Ј; GERp-CTforward, 5ЈCGATCGGATCCAACGTGCAGAGGACGACGCC-3Ј; PAZforward, 5Ј-GACTCGGATCCATGCTGAATATTGATGTGTCA-3Ј; PAZreverse, 5Ј-GACTAGCGGCCGCTTAAATACATCTTTGTCCTGCC-3Ј; Piwiforward, 5Ј-ATCGAGGATCCATGTTCCGGCACCTGAAGAAC-3Ј; Piwireverse, 5Ј-AGCATGCGGCCGCTTAGGTATGGCTTCCTTCAGCACT-3Ј.
The polymerase chain reaction products were gel-purified, digested with BamHI and NotI, and then ligated in-frame to the 3Ј-end of the GST cassette in the mammalian expression vector pEBG (17) . Transcription of the GST fusion proteins was driven by the EF-1␣ promoter.
GST Pull-down Assays-COS or RK-13 cells (1 ϫ 10 6 ) in 100-mm dishes were transfected with 5 g of plasmid DNA and 20 l of Fugene6. Forty hours post-transfections, cells were washed with cold PBS and then lysed with ice-cold lysis buffer (1% Nonidet P-40 containing 150 mM NaCl; 50 mM Tris-HCl (pH 7.4), 2 mM EDTA plus protease inhibitors). Lysates were centrifuged at 17,000 ϫ g for 5 min at 4°C, and the resulting supernatants were incubated with 400 l of PBS glutathione-Sepharose 4B bead slurry (10% in PBS) for a minimum of 3 h at 4°C on a rotating device. Beads were collected by centrifugation at 500 ϫ g for 5 min and then washed three times with cold lysis buffer. Proteins were eluted twice with freshly prepared elution buffer (10 mM glutathione, 50 mM Tris-HCl, pH 8.0) for 10 min at room temperature. Samples were centrifuged at 500 ϫ g, and proteins were precipitated from the supernatants by the addition of ice cold 100% trichloroacetic acid ( 1 ⁄5 volume) followed by SDS-PAGE and silver staining.
Yeast Two-hybrid Screen-Human prostate and testis cDNA libraries were screened for GERp95-binding proteins using GERp95 NT and CT constructs as bait essentially as described previously (18) except that MATCHMAKER System 3 reagents and yeast strains were used (CLONTECH).
Membrane Flotation Assay-Membrane flotation assays were performed according to a previously published protocol (19) . Forty hours post-transfection, COS or NRK cells in 100-mm dishes were washed in cold PBS followed by incubation with 3 ml of hypotonic buffer (10 mM Tris-HCl (pH 7.5), 10 mM KCl, 5 mM MgCl 2 ) containing protease inhibitors on ice for 10 min. Cells were scraped from dishes and homogenized by 15 passes through a 26.5 gauge needle. Homogenates were cleared of nuclei and unbroken cells by centrifugation at 1,000 ϫ g for five min at 4°C. Postnuclear supernatants (446 l) were mixed with 1.78 ml of 72% sucrose prepared in low salt buffer (50 mM Tris-HCl (pH 7.5), 25 mM KCl, 5 mM MgCl 2 ) and transferred to SW50.1 tubes. The sucroseadjusted postnuclear supernatants were overlaid with 2.23 ml of 55% sucrose and 0.54 ml of 10% sucrose prepared in low salt buffer. Samples were centrifuged at 140,000 ϫ g for 12 h at 4°C. Gradient fractions collected from the top were diluted with 5 volumes of low salt buffer, and proteins were precipitated with trichloroacetic acid, washed with acetone, and then subjected to analysis by SDS-PAGE and immunoblotting.
RESULTS AND DISCUSSION
The Amino Terminus of GERp95 Binds to an Hsp90-containing Complex-Our goal was to identify GERp95 binding-proteins using affinity purification. To accomplish this, defined regions of GERp95 cDNAs were ligated in-frame to a GST cDNA (Fig. 1) . The resulting GST-GERp95 fusion proteins were expressed in transiently transfected COS cells and then isolated along with their cognate binding proteins on glutathioneSepharose beads. Proteins bound to the GST-GERp95 fusion proteins were visualized after SDS-PAGE and silver staining. As expected, the amino-and carboxyl-terminal regions of GERp95 bound to distinct sets of proteins that did not bind to GST alone ( Fig. 2A) . Of particular note was a ϳ90-kDa protein that co-purified with GST fused to full-length (FL) GERp95 and the amino-terminal 323 amino acids (NT) of this protein ( Fig.  2A, lanes 1 and 2) . The ϳ90-kDa protein did not bind to the carboxyl-terminal region of GERp95 (CT) or GST alone. Pulldown assays using GST fused to the Piwi and PAZ domains indicated that the 90-kDa protein does not bind to these highly conserved domains (data not shown). Immunoblot analysis revealed that the 90-kDa protein was the abundant cellular chaperone Hsp90 (Fig. 2B) . Similar results were obtained using GST-GERp95 fusion proteins expressed in rabbit epithelial kidney cells (data not shown). The GST pull-down fractions were also probed with antibodies to Hsp90-binding proteins including the co-chaperones p23, Hop, Hdj-2, and Hsp70. Coincidentally the chaperone Hdj-2 was identified as a GERp95-binding protein from a yeast two-hybrid screen using the NT region as bait (data not shown). Strong binding of all five chaperone/co-chaperone proteins to the NT construct was observed (Fig. 2B) .
Full-length GERp95 did not bind as well to p23, Hop, and Hdj-2 even taking into account the lower expression levels of this protein. Hsp90, p23, Hop, Hsp70, and Hsp40 homologs (e.g. Hdj-2) form the core of a highly dynamic multiprotein complex that interacts with a wide variety of signaling proteins such as transcription factors, protein kinases, and telomerase (20 -24) . The CT construct did not interact with Hsp90, Hop, or p23 but did bind weakly to Hsp70 and its co-chaperone Hdj-2. The latter two proteins Hsp70 and Hdj-2 are general chaperones that participate in the folding of many nascent polypeptides. In addition, under certain conditions, p23 can act as a chaperone independently of Hsp90 to recognize non-native protein substrates (25, 26) . Accordingly the increased binding of Hdj-2 and p23 to the NT construct relative to the FL construct (Fig. 2B ) may indicate that the NT construct adopts a different conformation than the FL construct.
To ascertain that the GERp95-Hsp90 interaction was not an aberration resulting from overexpression of the fusion protein, we verified this interaction using another approach. A commonly used system to study Hsp90 interaction with cognate binding proteins and substrates is rabbit reticulocyte lysatemediated translation. Rabbit reticulocyte lysate contains adequate levels of Hsp90 chaperone complexes that are functional in regulating the activity of steroid hormone receptor complexes and protein kinases (27) (28) (29) . There are two well characterized Hsp90 complexes that have been studied using this system. Hsp90-kinase complexes contain the co-chaperones p50 cdc37 , whereas Hsp90 complexes that regulate steroid hormone receptor activity contain a high molecular weight tetratricopeptide repeat-containing immunophilin such as FKBP52 or CyP-40 (22) . Hsp90, Hop, p23, Hsp70, and Hsp40 proteins (e.g. Hdj-2) are common to both kinase and transcription factor complexes. The binding sites for p50 cdc37 and immunophilins on this chaperone complex are separate but topologically adjacent. Consequently p50 cdc37 and immunophilin-containing Hsp90 complexes exist separately.
GERp95 and GFP (as a negative control) were synthesized in vitro using TNT TM reagents in the presence of [ 35 S]methionine, and translation products were radioimmunoprecipitated with antibodies to GERp95, GFP, Hsp90, and co-chaperones followed by SDS-PAGE and fluorography. GERp95 was efficiently recovered using antibodies to Hsp90 and the co-chaperones Hop and p23 (Fig. 3) . No interaction between GERp95 and the kinase-specific co-chaperone p50 cdc37 was detected using this assay (Fig. 3) or the GST pull-down fractions from COS cells (data not shown). Nor was FKBP52, a component of steroid hormone receptor complexes, found to be part of the GERp95-Hsp90 complexes in reticulocyte lysates (Fig. 3) or COS cells (data not shown). Identical results were obtained using human GERp95 in this system (data not shown). Radiolabeled GFP did not bind to Hsp90 or any of the co-chaperones under these conditions. The interaction of GERp95 with the Hsp90 complex differed slightly between the two expression systems. Specifically only the GERp95 GST-NT construct was stably associated with all five chaperone complex members in transfected COS cells. The full-length GST-GERp95 fusion protein bound p23 but not detectable amounts of Hop (Fig. 2) . In contrast, stable binding of p23 and Hop to full-length GERp95 was observed when the rabbit reticulocyte lysate system was used. Since p23 binding occurs on "mature" Hsp90 complexes after Hop dissociates, this could indicate that maturation of the Hsp90-GERp95 complexes is more efficient in COS cells than in reticulocyte lysates (16, 30) . Alternatively the discrepancy could be due to the fact that Hsp90 complexes are highly dynamic, and the complexes isolated from cell lysates and rabbit reticulocyte lysates may have different stabilities (22) .
Hsp90 Activity Is Required for Stability of GERp95-To determine whether Hsp90 was important for biogenesis of GERp95, we used biosynthetic labeling and pulse-chase experiments in the presence and absence of the Hsp90 inhibitor geldanamycin. It was necessary to use transfected COS cells for these experiments because synthesis rates of endogenous GERp95 in most cell types is quite low. Forty hours posttransfection, cells were pulse-labeled with [ 35 S]methionine/cysteine and chased for various time periods before radioimmunoprecipitation with anti-GERp95. Samples were analyzed by SDS-PAGE and fluorography. Fig. 4 shows that in the absence of Hsp90 activity (ϩGeld), newly synthesized GERp95 is more rapidly degraded than in the presence of Hsp90 activity 
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(ϪGeld). After 2 h, only 7% of newly synthesized GERp95 remained when the Hsp90 inhibitor was present. In contrast, when geldanamycin was absent, degradation of GERp95 occurred at a slower rate. These results indicate that an Hsp90 chaperone complex is required for stability of nascent GERp95. Moreover, steady state pools of GERp95 were reduced ϳ50% in the presence of geldanamycin, whereas this drug did not cause reduction in the levels of two endoplasmic reticulum-localized proteins calnexin (Fig. 4B) and BiP (data not shown). These results confirm that the effects of geldanamycin are limited to a subset of cellular proteins that include GERp95. Our results are similar to those shown with a variety of kinases such as p56 lck , Mik1, Pim1, Wee1, and Swe1, which also require Hsp90 for stability and/or activity (24, (31) (32) (33) .
Hsp90 Activity Is Required for Golgi Localization of GERp95 in NRK Cells-At steady state a large proportion of GERp95 is localized to the Golgi complex of certain epithelial cells such as NRK52E and pancreas acinar cells (Fig. 5A and Ref. 3) . However, no significant colocalization between Hsp90 and the resident Golgi membrane protein mannosidase II was apparent in NRK cells (Fig. 5A ) and other cultured cell types (data not shown). Subcellular fractionation experiments showed that there are two pools of GERp95: one that is membrane-associated and one that is not (Fig. 5B) . Fractions that contain membrane-associated GERp95 are largely devoid of Hsp90. However, a significant proportion of Hsp90 and GERp95 copurify in denser fractions that do not contain membranes. The integral membrane protein calnexin was present only in the top of the gradients where membranes are expected to float. To determine whether Hsp90 activity was required for Golgi localization of GER95, NRK cells were treated for 12-14 h with the Hsp90 inhibitors geldanamycin and radicicol. Both inhibitors resulted in a drastic reduction in the amount of Golgilocalized GERp95 (Fig. 6 ). As expected, the distributions of the integral membrane protein mannosidase II and the Golgi region-specific coat protein ␤-COP were unaffected by the lack of Hsp90 activity even when higher concentrations of inhibitors were used (Fig. 6) . Interestingly the geldanamycin/radicicol effects on GERp95 localization were not immediate in that loss of Golgi localization was not readily apparent until after 4 -6 h (data not shown). This suggests that loss of Hsp90 activity does not directly cause redistribution of GERp95 from Golgi membranes. Rather we favor the hypothesis that interaction of GERp95 with the Hsp90 complex is an obligatory step prior to Golgi localization. Accordingly the interaction of GERp95 with the chaperone complex may be transient and may explain why S-Labeled GERp95 and GFP were synthesized using the TNT TM kit. Reactions were radioimmunoprecipitated with antibodies to GERp95, GFP, Hsp90, Hop, p23, and p50
Cdc37 . Immune complexes were analyzed by SDS-PAGE and fluorography. GERp95 binds to an Hsp90 chaperone complex, which includes p23 and Hop but not p50
Cdc37 or FKBP52. Immunoprecipitations with rabbit anti-GERp95 and rabbit anti-GFP were used as controls.
FIG. 4. Inhibition of Hsp90 results in degradation of GERp95.
A, COS cells were transfected with pCMV5-GERp95, and 40 h posttransfections, cells were labeled for 15 min with Promix [
35 S]methionine/cysteine and then chased for the indicated time periods in the absence of radioactivity. Radioimmunoprecipitates using anti-GERp95 were subjected to SDS-PAGE and fluorography. Quantitation of radiolabeled GERp95 was performed using a PhosphorImager. The percentage of remaining nascent GERp95 is shown under each time point. Results are representative of at least two experiments. B, 20 g of lysates from NRK cells treated for 16 h with (ϩGeld) or without (ϪGeld) geldanamycin were subjected to SDS-PAGE and immunoblotting with anti-GERp95 and anti-calnexin.
no colocalization between GERp95 and Hsp90 is observed in the Golgi region of NRK52E cells.
Summary-Hsp90 is a highly specialized chaperone with a limited number of substrates. Although it is one of the most abundant cellular proteins, it is clear that this chaperone does not play a general role in folding of nascent polypeptides (15, 34, 35) . Most Hsp90-dependent substrates are involved in various aspects of intracellular signaling. The molecular function FIG. 6 . Hsp90 inhibitors block association of GERp95 with the Golgi complex. NRK cells were incubated for 14 h with 5 M geldanamycin, 10 M radicicol, or vehicle (control) and then processed for indirect immunofluorescence with mouse anti-GERp95 and rabbit antibodies to the Golgi marker mannosidase II (Man II). Samples were analyzed using a Zeiss 510 confocal microscope. To show that inhibition of Hsp90 activity did not result in dissociation of all peripheral membrane proteins from the Golgi, cells treated with geldanamycin (10 M) were also stained for ␤-COP. Neither geldanamycin nor radicicol (not shown) affected localization of ␤-COP indicating that the effect is specific for GERp95. II) . B, the membrane-associated pool of GERp95 does not co-fractionate with Hsp90. NRK cell postnuclear supernatants were subjected to membrane floatation assays. Fractions were subjected to SDS-PAGE and immunoblotting with antibodies to GERp95 and Hsp90. The membrane-associated pool of GERp95 floats to the top of the gradient, whereas the nonmembrane-bound fraction remains near the bottom with Hsp90. Calnexin, a transmembrane protein, is detected at the top of the gradient only.
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of GERp95 is not known; however, data from studies of other PAZ proteins including GERp95 orthologs are consistent with the fact that it may be involved in signaling pathways that modulate gene expression particularly during early stages of development. PAZ proteins appear to be widely expressed in most tissues albeit at low levels. Accordingly the activity of these proteins must be tightly regulated since abnormally low expression levels can result in decreased rates of mitosis (5), whereas overexpression can result in induction of apoptosis (12) . In light of its known role in regulating the function of other signal-transducing proteins, Hsp90 is a likely candidate for modulating the activity of GERp95 and possibly other PAZ proteins.
Although Golgi-localized GERp95 is not associated with Hsp90 it is clear that Hsp90 activity is required for biogenesis and Golgi localization of GERp95 in NRK52E cells. The localization data is particularly interesting in light of a recent model proposed by Pratt and co-workers (22) . They propose that Hsp90 complexes target their substrates to the nucleus or plasma membrane, and the direction of transport is determined by accessory proteins such as p50 cdc37 and immunophilins (22) . For example, p50 cdc37 would be expected to target Hsp90-kinase complexes to the plasma membrane, whereas immunophilins would target Hsp90 complexed with transcription factors to the nucleus. In the case of GERp95, perhaps a third and unknown accessory protein is required to target Hsp90 and GERp95 to intracellular membranes. In this scenario, Hsp90 would only be transiently associated with the Golgi. It is tempting to speculate that GERp95 is involved in regionalized control of gene expression at the post-transcriptional level. For example, down-regulating the translation of endoplasmic reticulum/Golgi-localized inhibitors of the WINGLESS signaling pathway such as presenilins (36) may be the mechanism by which the GERp95 ortholog dAGO1 stimulates this pathway in Drosophila.
